Introduction
To most of us death from a " broken heart " is a figure of speech, yet the term reflects a bygone belief that grief could kill, and kill through the heart. In 1963 a report was published of a follow-up of a cohort of all men of 55 years and older who were widowed in England and Wales during January and July of 1957 (Young, Benjamin, and Wallis, 1963) . This showed that during the first six months of bereavement the mortality rate was 40% greater than the mortality rate for married men of the same age, and that this increase gradually fell thereafter to the level of the rate for married men.
More recently Rees and Lutkins (1967) reported the results of a survey of the death rate among 903 relatives of patients dying in a semirural area of Wales. They found that 4 8% of bereaved close relatives died within a year of bereavement compared with 0-68% of a non-bereaved control group. The greatest increase was found among widows and widowers, their mortality rate being ten times greater than that of the matched controls. After the first year of bereavement mortality rates fell off sharply and were not significantly higher than in the control group.
The study by Cox and Ford (1964) of mortality rates among widows shows a rise during the second but not the first six months of bereavement. This study relies on the widow having applied for a contributory pension, but, as the authors pointed out, many widows who become ill and die during the first six months after the death of their husbands may never have applied for a pension.
None of these studies has attempted to determine the particular diagnoses which contribute to the increased post-bereavement mortality rate, and none has followed up a cohort of bereaved persons for more than six years. This paper reports a nine-year follow-up of the widowers studied by Young et al. (1963) , with additional information, which was not previously reported, concerning certified causes of death and social class.
Method
A total of 4,486 widowers of 55 years of age and older were identified from the death certificates of their wives. The punch cards of the N.H.S. Central Register were then tagged so that the death of any of these men would automatically be reported. Information concerning age, occupation, and the certified cause of death was obtained from the death certificates of the widowers.
Results
Figures showing the overall mortality rate as a proportion of the mortality rate for married men of the same age during the first four years of bereavement have been published (Young et al., 1963) . At that time the possibility of a further subsequent rise was discussed. Fig. 1 shows the findings extended to include the first nine years of bereavement. It can be seen that the increment in mortality rate of 40% which occurred during the first six months of bereavement is subsequently followed by a gradual return to around the level for married men of the same age and that there is no subsequent rise in mortality. The number of deaths during the first six months is now found to be 213 as compared with 214 in the original paper, a false posting to the N.H.S. Central Register having been discovered. Table I shows the causes of death among the 213 widowers who died within six months of their wives. These are compared with the number who would have been expected had these widowers had the same mortality rate as married men of the same age in England and Wales during 1957. Fig . 2 shows the mortality rate among these widowers as a proportion of the expected rate. The greatest increase was in the group diagnosed as " coronary thrombosis and other arteriosclerotic and degenerative heart diseases." There were 77 deaths attributed to this cause, an increase of 67% above the expected number. The 99 % confidence interval for the expected deaths from coronary thrombosis and other arteriosclerotic heart disease (together) is . The actual number of deaths is 77, so that the excess is significant at the 1 % level. The second greatest increase was found in the group diagnosed " other heart and circulatory disease." There were 24 deaths in this group, an increase of 60% over the expected number. Taken together diseases of the heart and circulatory systems accounted for two-thirds of the increase in mortality during the first six months of bereavement.
Cause of Death of Widowers
No disease group other than " coronary thrombosis and other arteriosclerotic and degenerative heart diseases " showed a statistically significant increase, but when all other causes of death were combined the 99% confidence interval for expected deaths is 77-137 and the actual deaths number 136. The excess is therefore only just short of significance at the 1 % level.
Cause of Death of Wife
In Table II the cause of the death of the wives whose husbands died in the first six months is tabulated against the cause of death of their widowers. It will be seen that 48 (22 5%) of them were diagnosed as dying from the same disease group as. their spouses.
Assuming the null hypothesis that this represents a chance association, we would expect the proportional distribution of the deaths in each column of Table II to be the same as the distribution in the " total " column on the right-hand side. On this assumption it is easy to calculate the number of cases in each square of the matrix that we would expect to find by chance alone. Table III shows the number of actual and expected cases in which the death of husband and wife were attributed to the same diagnostic group-38-7 cases were expected to coincide and 48 (23 9% more) actually did. Table IV . There is a suggestion of a gradient in the excess mortality with the highest excess in social class group I and the lowest in group V. The numbers in the extreme groups, however, are not large. In view of the association between social class and coronary heart disease which has been found in some studies these figurcs were further subdivided by diagnosis. The results are shown in Table V . It is apparent that the increase in six months' mortality from coronary and allied diseases in social class groups I-III is only 10% greater than that of social class groups IV and V, whereas the increase in six months' mortality from other diseases is 16 % greater in groups I-III than it is in groups IV and V. This differential, however, is not, having regard to the small numbers involved, statistically significant. It remains merely a suggestion that the excess mortality from coronary disease is less associated with social class than is the increased mortality from other diseases. 
Discussion
In the original paper by Young et al. (1963) the mortality was traced up to the end of the fifth year after bereavement, and it was noted that the mortality of widowers in the general population is in the region of 1-4 times that of married men of the same age. But it was shown that the increased mortality in this sample of 4,486 widowers is almost confined to the first six months of bereavement, after which it falls to that of married men of the same age. The possibility was mooted that a subsequent rise in mortality would take place which would bring the mortality rate of the sample into line with that of the general population of widowers. Now that the sample has been followed up to the end of the ninth year it seems clear that no such rise is likely to take place; in fact from the fifth year of bereavement the mortality rate is slightly below that of married men of the same age. Various possible explanations for this were discussed in the previous article, and we have no means of deciding between them. For the sake of completeness we list them here:
(1) The average age of widowers in any age group is about one year older than the average age of married men within the same age group. This might explain up to a quarter of the excess overall mortality among widowers.
(2) Widowers may be under-enumerated in the census. (3) Widowers may be over-enumerated in the deaths. (4) It is possible that only the healthier widowers remarry. Since widowers who remarry are not removed from our cohort we may be studying a population who are fitter than the general population of widowers.
(5) Some tagged cases may have been "lost "-that is to say, some of the widowers whose N.H.S. Central Register cards were tagged may not have been reported to the Registrar General's Office on their demise. This would result in a spuriously lower mortality rate in all years following bereavement.
Another matter which requires explanation is the difference between the 25 % increase in mortality found in our study during the whole of the first year of bereavement and the tenfold increase (19 deaths in the bereaved group with only two deaths in the control group) in the study of widows and widowers in Llandidloes by Rees and Lutkins (1967) . In fact the mortality rate among the widowers studied by us, 8-5%, is not much different from the mortality rate of 12 2 found by Rees and Lutkins among their widows and widowers. What is different is the low figure of 1-2 % which they give as the mortality rate of their control group of married persons. This is probably lower than the mean rate for married persons of the same age in England and Wales (4 9% in our study), and it seems must reflect some local peculiarity in the population studied. Despite these differences it seems fair to conclude that there is a true increase in mortality among widowers during the first six months after bereavement. We must now consider the possible causes of this. The findings reported make it clear that the increased mortality is not explained by an increase in deaths from accident or infectious disease which might have been shared with the wife. In fact the greatest increase is found in the group diagnosed " coronary thrombosis and other arteriosclerotic and degenerative heart disease," which accounts for 53 % of the increased mortality. In addition, there is some evidence of a true increase in mortality from other diseases, though the number in individual disease categories are too small for statistical analysis.
Death certificates are not necessarily a reliable source of information concerning cause of death. In a survey carried out by the General Register Office (1966) of 995 cases of death attributed by clinicians to coronary and arteriosclerotic heart disease there were 278 cases (28%) in which the diagnosis was changed after post-mortem examination. A similar number of cases were changed from other diagnoses to coronary and arteriosclerotic heart disease by the pathologist, and misdiagnoses were attributed to many different diseases. While these observations throw some doubt on the reliability of our findings there is no reason to believe that the heart disease group is any more heavily weighted with incorrect diagnoses than other diagnostic groups.
If we accept that the increased mortality is largely attributable to coronary and arteriosclerotic heart disease we still have to explain this increase. Young et al. (1963) listed " homogamy " (the tendency of unfit to marry unfit) and " joint unfavourable environment " (the fact that husband and wife share a pathogenic environment) as possible explanations of the increased six-month mortality. If either of these were factors one would expect husband and wife to die from the same or similar diseases. In this study it has been shown that there is a tendency for this to occur. But if this were the main cause of the increased mortality following bereavement one would expect to find the greatest concordance in diagnosis in those diagnostic groups that account for the increased mortality rate. This is not the case, and in fact the number of husbands and wives who died from arteriosclerotic and other degenerative heart diseases was only three greater than expectation. Furthermore, the overall concordance rate in this study, which was 24 % above chance expectation, is not much different from Ciocco's (1940) figures for married couples whose respective deaths were not limited to the first six months of bereavement. He found the concordance rate 18 % above expectation.
These findings do not disprove the possible contribution which homogamy and joint unfavourable environment make to the increased mortality following bereavement, but they do make it less likely that these factors explain more than a part of the increased six-month mortality.
The finding that bereavement is associated with an increased mortality from coronary thrombosis does not necessarily mnean that it is associated with an increase in the incidence of the disease. It may be that it simply increases the proportion of patients who died after having a coronary thrombosis. Even if the thrombosis itself does not occur until after bereavement it will presumably occur only if the coronary arteries are already diseased. In other words, bereavement may act as an aggravating or a precipitating factor in coronary thrombosis, but in either case it is unlikely to be the sole cause of death. Psychological stress has long been thought to be a factor in this disease. For example, Weiss, Dlin, Rollin, Fischer, and Bepler (1957) found evidence of emotional stress in 86% of 43 coronary thrombosis cases compared with 9% of matched controls. But how such stresses influence the formation or course of the thrombosis remains a matter for conjecture. It is possible that emotional stress acts by altering the consumption of fats, sugar, coffee, or tobacco,' all of which have been shown to be statistically related to the mortality from coronary artery disease cally related to the mortality from coronary artery disease (Hammond and Horn, 1958; Paul et al., 1963 ; Yudkin, 1967) .
On the other hand, emotional stress alone has been shown to affect pulse rate, stroke volume, cardiac output, peripheral resistance, arterial blood pressure, exercise tolerance, and clotting-time, and to produce arrhythmias and electrocardiographic changes (Schneider and Zangari, 1951; Stevenson and Duncan, 1950) . In patients with known hypertension, angina pectoris, or other structural heart disease such changes have been shown to have pathological effects (Hickham, Cargill, and Golden, 1948) . All of which leads one to suspect that it may well be the emotional effects of bereavement, with the concomitant changes in psycho-endocrine functions, which are responsible for the increased mortality rate.
An association between social class and coronary thrombosis has been observed in Britain (Wilson and Heasman, 1959) , though seldom in America (Epstein, 1965) , but little is known of the effect of psychological stress within social class groups. In this study while the increase in mortality for all other diseases was 16% greater in social class groups I-III than it was in groups IV and V there was only a 10% difference in the effect of bereavement on mortality from coronary thrombosis and allied diseases between these classes. It seems that whatever the means by which bereavement is associated with heart disease it is one which cuts across social class differences.
If the findings of this study are typical we must conclude that nearly 5% of widowers over the age of 55 die within six months of the death of their wives, and that nearly a half of these deaths are from heart disease. Research is needed to discover whether widowers under 55 and widows are similarly at risk and to determine what intervention is possible to minimize this risk. Already much is known about the psychological and social consequences of bereavement, and if, as seems most likely, the baneful effects of bereavement on physical health are a response to psychological stress then anything which mitigates that stress can be expected to reduce the risk of its physical effects.
Programmes for the primary prevention of physical and mental illness by public and professional education and the provision of services to help people at times of crisis are in a stage of development (see, for instance, the outline of a primary prevention programme by Caplan, 1964) , and it is an area which practising clinicians can ill afford to ignore.
Thanks are due to the staff of the Registrar General's Office for their assistance in the execution of the survey; to Dr. Michael Young and Dr. Christopher Wallis for permission to carry out this study of the cohort of widowers originally described by them ; and to Dr. C. J. Gavey and Dr. John Bowlby for their helpful criticism of the draft. 1D1l and Hill (1956) showed that the association between smoking and modality from coronary heart disease is almost confined to patients under the age of 55-who would not, of course, have been included in this study.
